Object. Pedicle screw fixation with transverse process fusion has gained widespread acceptance since its inception. Improved rates of arthrodesis have been demonstrated when this technique is used. The authors present one of the largest series of patients to undergo this procedure at a single center; one of the goals was to correlate construct length and spinal disease with rates of successful arthrodesis by conducting a prospective analysis of lumbar fusion in which pedicle screws were placed.
he first use of pedicle screw fixation for lumbar arthrodesis is credited to Boucher 3 in 1959. This technique gained widespread acceptance in the 1980s because of the independent efforts of Roy-Camille and colleagues 14, 15 and Steffe, et al. 19 Assessment of prospective 26 and retrospective 7, 13, 17, 21, 25 data indicates that rates of successful arthrodesis are improved when segmental pedicle screw fixation is performed in conjunction with a transverse process fusion.
Factors considered to have an adverse effect on osseous fusion include smoking, 5, 16 length of the construct, 11 and osteoporosis. 9 Although there is general agreement that a patient's age and construct length adversely affect rates of arthrodesis, this supposition has largely been based on anecdotal evidence. In a prospective analysis of 457 pedicle screw-assisted lumbar fusions, we have been able to correlate construct length and specific spinal pathological entity with rates of successful arthrodesis. This informa-tion may assist spine surgeons in predicting the rates of spinal fusion based on types of spinal diseases as well as other variables. With the advent of new technologies, this study may serve as a benchmark for comparison of fusionrelated results. In addition, such data may encourage surgeons to search for more effective techniques for reconstructing complex degenerative deformities to improve fusion rates.
Materials and Methods
We conducted a prospective nonrandomized analysis of lumbar fusion performed by a single surgeon (R.W.H.) in a 7-year period (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) . During that time 611 patients underwent lumbar fusion with segmental pedicle screw fixation. Of the 611 patients, 457 (74.8%) were available for follow up. There were 213 men and 244 women; their mean age was 54.6 years (range 16-78 years). The mean follow-up period was 28.4 months (range 12-49 months). The 154 cases lost to follow up were stratified similarly to those in the study and included patients who were doing well at 1 year and chose not to return.
Diagnoses included traumatic injury, tumor, DDD, trans-Abbreviations used in this paper: ALIF = anterior lumbar interbody fusion; DDD = degenerative disc disease; PLIF = posterior lumbar interbody fusion. T lational instability (for example, spondylolisthesis), and degenerative scoliosis. Degenerative disc disease is defined as a single, collapsed disc space with modic changes, endplate sclerosis, and axial instability (no movement demonstrated on dynamic flexion-extension x-ray films and no translational instability). Translational instability involves coronal-or sagittal-plane imbalance, and degenerative scoliosis is associated with multiplanar instability. The number of patients in each diagnostic category is shown in Table 1 and graphically in Fig. 1 upper. The majority of the patients suffered translational instability.
Operative Technique
Patients were positioned prone on longitudinally oriented chest rolls. When required, neural decompression was performed. Autologous iliac crest bone graft was harvested in all patients. Pedicle screws were placed under fluoroscopic guidance. In addition, when possible, the medial aspect of each pedicle was palpated and directly visualized to assist with localization. Pharmacological paralysis was titrated so that patients retained two to three sequences of four twitches, which may allow detection of nerve root irritation during decompression and placement of instrumentation. No neurophysiological monitoring was conducted. After identifying the proper entry point and trajectory, each pedicle was probed and tapped. In patients with osteoporosis, the pedicles were deliberately "undertapped" (for example, a 5.5-mm-diameter tap was used for a 6.5-mm-diameter screw) to improve pullout strength. 10 A total of 2431 screws were placed. The number of screws for each diagnostic category is also shown in Table 1 . All patients underwent 12 weeks of postoperative brace therapy.
Patients underwent postoperative plain radiography at 3-, 6-and 12-month intervals and then annually when possible. The mean follow-up period was 28.4 months (range 12-49 months). Fusion for a given spinal segment was defined as the presence of bilateral contiguous bridge of bone between the transverse processes on anteroposterior radiographs and the absence of motion on lateral dynamic flexion-extension radiographs. Computerized tomography scanning with multiplanar reconstructions was performed in cases in which plain radiography yielded inadequate data.
Statistical Analysis
Chi-square analysis was used to compare the fusion rates and the number of levels in the translational instability group. Statistical significance was assigned to a probability of less than 0.05.
Results
The fusion results classified by diagnosis are shown in Table 2 and Fig. 1 lower. Fusion rates were lowest in cases in which tumors were present (54%) and highest in those in which traumatic injury has occurred (96%). The fusion rate was 91% for single-level DDD and 89% for the translational instability. If cases in the translational instability group are stratified by the number of spinal levels included in the initial construct, the rates decline steeply for each additional motion segment included in the fusion (Table  3 ). There is a strong linear trend of the proportions in this group (p Ͻ 0.001). The fusion rate was 95% for single-, 89% for two-, 78% for three-, and 65% for four-level constructs. The overall fusion rate observed in the degenerative scoliosis group was 70%. Table 4 provides a summary of the complications that developed. Infection-related complications included seven that were superficial to the fascia, five deep infections, and three graft site infections. Two patients required explantation of hardware because of persistent bacteremia. Motor deficits, 1 to 2 grades weaker than their preoperative baseline, were demonstrated in 13 patients, all of which were temporary. One patient required screw removal and repeated fusion. There were no permanent motor deficits or cauda equina injuries. No patients suffered postsurgical bowel or bladder symptoms. Sensory deficits included temporary paresthesias, dysesthesias, or hypesthesias in 17 patients. Eight patients complained of permanent paresthesias or hypesthesias. Hardware-related failure included one broken screw and one instance of screw pullout. In four patients the screws and rod disengaged. Junctional instability (that is, instability at the level adjacent to the fusion level) was noted in seven patients, which was always rostral to the level of fusion.
Discussion
Since the introduction of spinal arthrodesis for Pott disease, indications have expanded to include treatment for a number of pathological conditions of the spine including DDD, scoliosis, tumor, mechanical insufficiency, and fractures. Spinal fusion involving pedicle screw fixation is generally considered the standard of care in treating the aforementioned pathological conditions.
We present one of the largest single-center series of patients to have undergone posterolateral fusion involving pedicle screw fixation performed by the same surgeon. The wound infection rate of 3% is similar to that reported in other series involving instrumentation-assisted fusion or fusion alone. 14, 15, 19, 23, 24 Surgeon-related errors accounted for some of the complications. The one case of screw pullout was in a patient undergoing repeated fusion and was secondary to placement of a screw into a previous pedicle screw hole. The cases in which screw/rod constructs became disengaged were probably the result of poor contouring of the rod. Placement of a smaller diameter screw at the apex of scoliosis probably resulted in the single case of screw breakage.
Our fusion rates for single-level DDD and spondylolisthesis is comparable with or superior to those reported in previous studies (Tables 5 and 6 ). The relatively low incidence of fusion in patients with tumors (54%) may be attributed to the debilitated condition of these patients due to systemic malignancy, local irradiation, and long-term use of steroid medication. Because the major goal of surgery in these patients is palliation, stabilization alone is sufficient in most cases.
When considering the groups of patients with translational instability, it is instructive to stratify them based on the number of segments fused (Table 3 ). Based on this analysis, it is obvious that in patients with longer and more complex deformities, a decreased rate of successful arthrodesis is apparent. Similarly, in the majority of patients with scoliosis three-to five-level fusions were required, resulting in an overall fusion rate of only 70%. Although the concept of successful arthrodesis being inversely proportional to fusion length is not new, it appears to be a function of pathological entity present. This is especially evident when comparing the trauma subgroup with the degenerative scoliosis or translational instability subgroups. For example, the overall fusion rate in patients with trauma was quite high (96%); this can be explained by the fact that the fusion comprises one segment and that fractures have a propensity for healing. On the other hand, the occurrence of multisegmental translational instability and degenerative scoliosis represent degeneration of the joints and ligaments with significant impairment in the ability of the spine to repair itself and maintain normal anatomical relationships. It is this underlying pathological process that impedes successful arthrodesis, not simply the number of spinal segments involved. The goal of fusion and instrumentation in the cases of translational instability and degenerative scoliosis is spinal stabilization and alleviation of pain. Other factors, such as age, smoking, systemic disease, and medication profile may play a role in determining the rate of successful arthrodesis.
The fusion-and complication-related data presented in this study can be used as a benchmark to assess the efficacy of new procedures such as pedicle screw placement in which computer-assisted and virtual fluoroscopic navigation are used, ALIF, and PLIF. 20 In addition, the various implants available for interbody fusion, such as titanium cages, threaded allograft cortical bone dowels, and impacted allograft wedges, may be compared for efficacy. Resorbable implants are an example of new technologies also undergoing evaluation. Moreover, bone morphogenetic proteins are being evaluated as an adjuvant to allograft bone or as a replacement for harvested autograft. 2 These advances may or may not be validated if fusion rates favorably compare. For instance, Barnes, et al., 1 recently reported their experience with lumbar interbody fusion in which they placed threaded allograft cortical bone dowels in 28 patients with one-or two-level DDD. In this study, the fusion rate for PLIF was 95% and that for ALIF was 13%. Of note, pedicle screw-and-rod constructs were used in the PLIF procedures but not in those involving ALIF. This finding compares with a fusion rate of 91% in cases of single-level DDD treated with pedicle screws and posterolateral fusion.
Conclusions
In summary, the fusion rates for posterolateral fusion with pedicle screw fixation for different pathological conditions have been presented. To the best of our knowledge, this is one of the largest series of patients in whom instrumentation-assisted arthrodesis was performed by a single surgeon (R.W.H.) and treated at a single center. The fusion rates are not uniform among patients with different diagnoses and various extent of spinal involvement. This appears to be related to the underlying functional failure of the spine as well as the number of segments included in the fusion. As new technologies and techniques emerge to improve fusion rates in the different pathological conditions, the data presented in this paper can be used as a benchmark with which to compare the rates of arthrodesis. 
